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(54) DISPLAY AND ELECTRONIC DEVICE COMPRISING THE SAME 



(57) A retardation film 30 and an upper polarized 
light separator 20 are provided on the upper side of a 
liquid crystal cell 10. A diffuser 40, a lower polarized 
light separator 50. a color fitter 60, a PET film 70 and an 
Al deposited film 80 are provided on the lower side of 
the hquid crystal cell 10. As the upper polarized light 
separator 20 and the lower polarized light separator 50, 
a polarized light separator (reflective polarizer) is used, 
which reflects linearly-polarized light in one direction as 
linearly-polarized light in the one direction, and trans- 
mits linearly-polarized light in another direction perpen- 
dicular to the one direction as linearly-polarized light in 
the other direction. The light emitted from LED 120 is 
introduced into a light guide plate 130 between the 
upper polarized light separator 20 and the retardation 
film 30 through a light guide 110. Then the light is emit- 
ted from the lower side of the light guide plate 1 30 to the 
liquid crystal cell 10 



Fig. 1 




CO 

o 

CL 
LU 



EP 



0 913 



721 



deten< 
play 



ora^S 



the 



ut^on 



61 da* 



dispW 



in 



the 



Thereto^' 
Elective 



dis- 



Oescn 



Techn 



ption 



$004} 



A con^ 



t venti« 



onai 



Field 



technic - ■ Q0 p o\a» « ^ lS a se^'~ 



using ■ 
sion 



iuid 



pota' 



iza^on 



cr 
axis 



ys\a\ P ! 
meat* 



vans 



as 



a vai 



dismay 
jiabte 



trai 



device 



.(jescrw 



toed^ h 



retetence 



,onai 



vie* 



ot a 



coi 



iona\ 



$001} 



The P TI 
dispW 



,mP^ eS 



an 



oai 
o< V\g^ 



DpP ef 



\n ^ 
>\an^ er 
>\an* er 



5130. 
5A70. 



and 



3^ 



\ransi 
fcght 
play 
the 



de v\ce, 
like. 



and 
such 



as 



aP 0 ' 



tions 
ence. 



me P 01 



nions 



opP er 



poi 



>\arize< 



and 



me 



lower 



Ba< 



( und 



\na 



convex 



jnlionai 



dispW 



d€N* ce 



per- 



attanl 
ther 



iged 



so 



that 



me 



vans^ 1 



ission 



poiai 



;0 dicu\ar 



to 



each 



other' 



iiation 
order 



top' 0 ' 



vide « 



dismay 



by 



using 



made 



carder 



see 



in 



exter 

me 



da* 



me 

accof 



display 



dance 



with 



deer* 



eases v 



me Q ui 



a ntity 



61 V»gW- 



On^ e 



other 



hand. 



vans««" 



i&s'w G 



display 



device 



pei 



usin9 ' 
pow 1 



s0 urce 



consul 



spo 1 
brio; 



er 

,nding 



as: 



\ocreai 



such 



back 



ligtt 



disp^y 



or 



me 



\iKe, 



by 

me 



$006} 
no*' 
511 



be 
1 is 



v/gnfte 
desert 



white < 

disp^y 
The 



Une 



ibed 



lighl 



r e1\eciwe 
show 0 



dismay 



mod' 



on 



me 



op*' 



lC a\pa^ 



cnang^ 



to 



\in< 



earW 



-potanx' 



,edV»' 



L \\eU° 



me 



dra 
\ion 



ipper 



poi 



,\ari* ef 

me 



5A30. 



transn 



to 



me 



tigW 



wness. 



dismay 



aodpart« 

i ope t; 



source 
icuiarW 



L sedby 
rega 1 



me 

jdies* 



k oun^ ( 



oHne 



amb' 1 



ent 



i\»s 



unsui 



iv\a^ e 



as a 



por 



\abie 



25 



me 



dr 



ire. 



a\ed ^ 



^! D eusedas 



•boih 



nW 



0lS p\ay ( 



me 



dis- 



30 



\be 

in 



r 

♦he o' 



iresence 



piay 



screen 



Hed ^ 



sen^^ 



mrouo 1 

to^e< 

aga'^ 
\ar^ 

me 



a \Ning 



5170 V 



vani 



lS ttector 



re\\e< 



endicu- 
and 



V ansn^* 1 



ittedas 



dra*^9 



\niov 



>ugb 



me 



Aed^ 



by 



me 



IN*' 
zedVig 1 



inipa Tal 



i\\e\ 



device 



and 

me 



a\^ e 



sarf*' 



me 



me^ 



control 



ed 



\a\p al 



,nei 



51 A0 10 



■raenl 



to 



produce 
^W»cb i 



men 



errw 



itted 



po\a^ eC 
$007} 
lower 



5130- 
Since 



L cbo^ 
5170 



tbe 
is 



jpperpo^ 
poiar 



5130 



undtbe 



iied WW, 



sepa'a' 



tigtt 



1 J rt medev^-^ . daV sc^-- , ca \ e\eu- por*'— e ea cn ^ - 0 o\anz^ . ugm - 

^ ^ Soos.^ 0 ^ acco^ f ^ me ^ef^ 
ana^ e0 i _nmernand,^ ■ VAm , UgW _ Qua rtM o0 \ar^ ^ ^ e u i, cto vvard^^ <he c0 n- 



same 



poiari^ 
eacn 



5130 
mermo fe 



UgW 
aveis 



toward 
As a f 



1rom 
ot 



ixeiby 



using 



me 
me 



5210. 

ventio' 



and ' 
t nai 



tran^ 



^^^^^^^ 



L \ov 



me 



top 1 



( edorm 



tansm^ 
l0 na\ W 



lU idcry 
ipoiai 



stai 



dispW 
axi s 



optv 



,ca\ 



me P r 



k tbe 



jfliciency 
oi dar' 



liquid 
oUig w 



y^ening 



me 



uViVi: 
d^spiaV 



screen, 



disp^y 



mod* 



entors 



propose 



,eda 



trai 



.nsiiec- 



, patent 



W \i- 



as ; 
r-Twi' 



abie 
, neid 



on 



aneSe Lh\isbed.as 

me 
me 

poiar- 



which 



on 



the 



\iKe. 



Lr ansm»' 
j^een 



iS&io° 



ucture 
poia' 



is ei 
lZ a^on 



bei 



^0 po' 

ed ftg w 



( \arizers- 



^po\ 



»\arizef 



as 



exai 



sep: 



arators 



poi 



,\an* e& 



inc\< 



polanze" » ^ ny ,» - l0 a ^ 0 redete^'*"- - fWe d conv- - ne dd^ 



aedVtgW 



compo' 



,nent 



tdent 
dir 1 



in a 
pr< 



mp\ e 
lighl 
ection 



edeterm" 
ol tiO^ 



o^ 
bV 
(W- 
;ned 
utiVf 



yet 

lower P« 



olarizer 



lighl 



source 



side 



are 



0^ a 



polar 



mtor 



compo 1 



inent 



in a 



izer, 



^h»c 



to rei 



andaiso 



\oVan 



\n 



the 



.lighl 01 
direct 



.\nthis 



dis- 



dir' 



irent 



trom 



ection 



and 



thus 



zation. 



particu 1 
Nhich 



iiariy. 
can 



, the 



be 



used 



as 



both 



the 



rei 



stai 

Elective 



^iSd^ay^ 



uans' 



,tt*ss*vc 



Y eUecied 



by 



the 



sem» 



rei 



, in r 
feeling 



e^ectwe 



disp^y 



tilm. 



mereby 



and 
Ughtis 
turlhe^ 



perp 1 
play 



end' 1 



lC uiari 



device 



the 



efticiency 



of 



is « 



,ncreas 



3 



EP 0 913 721 A1 



4 



the polarized light separator to obtain a brighter display 
Also a display device using a reflective polarizer is dis- 
closed in the Published Japanese Translations of PCT 
International Publication for Patent applications No 9- 
506985 (International Publication No WO/95/1 7692 5 
and International Publication No WO/95/27819) 
[0009] Description will now be made of the transflec- 
five display device using the reflective polarizer pro- 
posed by the inventors in Japanese Patent Application 
No. 8*245346. with reference to Fig. 32. io 
[0010] In Fig. 32. the display device comprises the 
upper polarizer 5130. an upper glass substrate 5302. a 
lower glass substrate 5304, a polarized light separator 
5160. a transflective light absorption film 5307. and the 
light source 5210 The display device further comprises is 
a TN liquid crystal panel held between the upper glass 
substrate 5302 and the lower glass substrate 5304. the 
TN liquid crystal panel indudes a voltage applied region 
51 10 and a voltage unapplied region 5120. Particularly, 
the polarized light separator 5160 comprises a reflective so 
polarizer. 

[0011] First, white and black display in the reflective 
display mode will be described. The light, which is 
shown on the optica! path 5601 and incident from the 
outside of the display device, is changed to linearly- 25 
polarized light parallel to the drawing by the upper polar- 
izer 5130. and then, the polarization direction of it is 
twisted 90° by the voltage unapplied region 5120 of the 
TN liquid crystal pane! to produce linearly-polarized 
light in the direction perpendicular to the drawing After 30 
that the light is reflected by the polarized light separator 
5160 as it is a linearly-polarized component light per- 
pendicular to the drawing, and then the polarization 
direction is twisted 90° by the TN liquid crystal panel to 
produce linearly-polarized light parallel to the drawing. 35 
which is then emitted from the upper polarizer 5130. 
Therefore, with no voltage applied to the TN liquid crys- 
tal panel, a white display is obtained. In this way. the 
white display is the light reflected by the polarized light 
separator 51 60 which selectively reflects most of the lin- *o 
early-polarized light transmitted through the upper 
polarizer 5130. thereby obtaining a brighter display than 
the conventional display device (refer to Fig 31) using 
the transflector for partly reflecting the light transmitted 
through the polarizer. The light shown on the optical 45 
path 5603 is changed to linearly-polarized light parallel 
to the drawing by the upper polarizer 5130. then trans- 
mitted as linearly-polarized light parallel to the drawing 
through the voltage applied region 51 10 of the TN liquid 
crystal panel without a change in the polarization direc- so 
tion. and further transmitted through the polarized light 
separator 5160 without a change in the polarization 
direction, and then absorbed by the transflective light 
absorbing layer 5307 to produce a black display 
[001 2] On the other hand, in transmissive display, the 55 
light from the light source 5210. which is shown on the 
optical path 5602. is transmitted through the opening 
provided in the transflective light absorbing layer 5307 



and changed to linearly-polarized light parallel to the 
drawing by the polarized light separator 5160 (namely, 
the polarized component being m the direction perpen- 
dicular to the drawing is reflected by the lower side of 
the polarized light separator 5160 and absorbed by the 
transflective light absorbing layer 5307) Then the polar- 
ization direction is twisted 90° by the voltage unapplied 
region 5120 of the TN liquid crystal panel to produce lin- 
early-polarized light perpendicular to the drawing, which 
is absorbed by the upper polarizer 5130 to obtain a 
black display. The light on the optical path 5604 is trans- 
mitted through the opening provided in the transflective 
light absorbing layer 5307. and changed to linearly- 
polarized light parallel to the drawing by the polarized 
light separator 5160. and then transmitted as linearly- 
polarized light parallel to the drawing through the upper 
polarizer 5130 without a change in the polarization 
direction at the voltage applied region 51 10 of the TN 
Itquid crystal panel to obtain a white display 
[0013] In this way. the transflective display device 
using a reflective polarizer as a polarized light separa- 
tor, which was proposed by the inventors in Japanese 
Patent Application No. 8-245346. is capable of perform- 
ing reflective display using external light in bright condi- 
tions, and transmissive display using the light from a 
light source in dark conditions. 

Disclosure of Invention 

[0014] However, as described above with reference to 
Fig 32. in the transflective display device using the 
reflective polarizer as a polarized light separator, light 
reflected by the reflective polarizer is used for display in 
the transmissive display mode, while light transmitted 
through the reflective polarizer is used for display in the 
reflective display mode. Therefore, in the transmissive 
display mode, a portion where a voltage is applied to the 
liquid crystal panel (the polarization direction is not 
twisted by the TN liquid crystal) produces a white dis- 
play, i.e.. negative display is performed In the reflective 
display mode, a portion where a voltage is not applied to 
the liquid crystal panel (the polarization direction is 
twisted 90° by the TN liquid crystal) produces a white 
display, i.e . positive display is performed. Namely, in the 
reflective display mode, a display in which white and 
black are the reverse of the display in the transmissive 
display mode, is performed In this way. the display 
device proposed by the inventors in Japanese Patent 
Application No 8-245346 has the problem of causing 
so-called "positive-negative reversal" between trans- 
missive display and reflective display modes 
[0015] The present invention has been achieved for 
solving the above problem, and an object of the present 
invention is to provide a display device using a variable 
transmission polarization axis optical element such as a 
liquid crystal or the like, causing no positive-negative 
reversal both in reflective display using external light 
and transmissive display using the light from a light 
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faces o* the reflective polarizer from the lamination 
direction, the light ol a linearly-polarized component in 
the first direction is transmitted as a linearly-polarized 
light component in the first direction to the other mam 
surface side located on the opposite side, and the tine- 5 
arly-polanzed light component in the direction perpen- 
dicular 10 the first direction is reflected as a linearly- 
polarized light component in the direction perpendicular 
to the first direction While, out of the light incident on 
the other main surface of the reflective polarizer from w 
the lamination direction, the linearly-polarized light com- 
ponent in the first direction is transmitted as a linearly- 
polarized light component in the first direction to the 
said one main surface side, located on the opposite 
side, and the linearly-polarized light component in the 15 
direction perpendicular to the first direction is reflected 
as a linearly-polarized light component in the direction 
perpendicular to the first direction 
[0024] In a display device in accordance with another 
embodiment of the present invention, the second polar- 20 
ized light separating means comprises a reflective 
polarizer which transmits a linearly-polarized light com- 
ponent in the second direction and reflects a linearly- 
polarized light component in the direction perpendicular 
to the second direction 

[0025] In this embodiment, the reflective polarizer 
reflects the linearly-polarized light component in the 
second predetermined direction, out of the light incident 
from the variable transmission polarization axis means 
side, as a linearly-polarized light component in the sec- 30 
ond predetermined direction to the side opposite to the 
variable transmission polarization axis means side, and 
reflects the linearly-polarized light component in the 
direction perpendicular to the second predetermined 
direction as a linearly-polarized light component in the 35 
direction perpendicular to the second direction to the 
variable transmission polarization axis means side. 
Also, out of the light incident from the side opposite to 
the variable transmission polarization axis means side, 
the linearly-polarized light component in the second 40 
predetermined direction is transmitted as a linearly- 
polarized light component in the second predetermined 
direction to the variable transmission polarization axis 
means side, and the linearly-polarized light component 
in the direction perpendicular to the second predeter- *s 
mined direction is reflected as a linearly-polarized light 
component in the direction perpendicular to the second 
predetermined direction to the side opposite to the vari- 
able transmission polarization axis means side 
[0026] Therefore, out of the light emitted from the light 50 
source, the hnearly-polarized light component in the 
second predetermined direction is transmitted to the 
side opposite to the variable transmission polarization 
axis means side, and further the linearly-polarized light 
component in the direction perpendicular to the second ss 
predetermined direction is partially repeatedly reflected 
in the display device, and finally passed through the 
reflective polarizer and emitted to the side opposite to 



the variable transmission polarization axis means side 
Therefore, when display is performed by using the light 
from the light source, a brighter display can be obtained 
as compared with the case using a polarizer as the sec- 
ond polarized light separating means 
[0027] Furthermore, in this embodiment, the reflective 
polarizer may comprise a laminate in which a first layer 
having birefringence and a second layer having a 
refractive index substantially equal to any one of the plu- 
rality of refractive indexes of the first layer, and no bire- 
fringence are alternately laminated 
[0028] In the reflective polarizer having the above con- 
struction, out of the light incident on a main surface of 
the reflective polarizer from the lamination direction, 
light of a linearly-polarized component in the second 
direction is transmitted as a linearly-polarized light com- 
ponent in the second direction to the other main surface 
side on the opposite side, and the linearly-polarized 
light component in the direction perpendicular to the 
second direction is reflected as a linearly-polarized light 
component in the direction perpendicular to the second 
direction. While, out of the light incident on the said 
other main surface of the reflective polarizer from the 
lamination direction, the linearly-polarized light compo- 
nent in the second direction is transmitted as a linearly- 
polarized light component in the second direction to the 
said one main surface located on the opposite side, and 
the linearly-polarized light component in the direction 
perpendicular to the second direction is reflected as a 
linearly-polarized light component in the direction per- 
pendicular to the second direction. 
[0029] In a display device in accordance with still 
another embodiment of the present invention, the sec- 
ond polarized light separating means comprises a 
polarizer which transmits a linearly-polarized light com- 
ponent in the second direction and absorbs a linearly- 
polarized light component in the direction perpendicular 
to the second direction. 

[0030] In the polarizer of this embodiment, out of the 
light incident from the variable transmission polarization 
axis means side, the linearly-polarized light component 
in the second predetermined direction is transmitted as 
a linearly-polarized light component in the second pre- 
determined direction to the side opposite to the variable 
transmission polarization axis means side, and the line- 
arly-polarized light component in the direction perpen- 
dicular to the second predetermined direction is 
absorbed. Also, out of the light incident from the side 
opposite to the variable transmission polarization axis 
means side, the linearly-polarized light component in 
the second predetermined direction is transmitted as a 
linearly-polarized light component in the second prede- 
termined direction to the variable transmission polariza- 
tion axis means side, and the linearly-polarized light 
component in the direction perpendicular to the second 
predetermined direction is absorbed. 
[0031] A display device in accordance with a further 
embodiment of the present invention further comprises 
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the light source and in the display utilizing external light, 
thereby causing no problem of positive-negative 
reversal 

[0043] A display device in accordance with a further 
embodiment of the present invention further comprises 
a transmissive light diffusion layer provided between the 
first polarized light separating means and the variable 
transmission polarization axis means 
[0044] In this embodiment, display due to the light 
reflected from the first polarized light separating means 
is white The light diffusion layer may be provided with a 
light guide function so as to be also used as a light guide 
plate which will be described below. Namely, in this 
case, the light diffusion layer has not only the function to 
diffuse light incident from the upper side or lower side, 
but also the f unction to diffuse the light incident from lat- 
eral sides to the vertical direction. Further, in this case, 
the quantity of light which is emitted from the light diffu- 
sion layer to the first polarized light separating means 
side is preferably larger than the quantity of light which 
is emitted in the reverse direction. This is because the 
lormer contributes to the display contrast. The light dif- 
fusion layer may be arranged on one side or both sides 
of the light guide plate 

[0045] In this embodiment, the surface of the light dif- 
fusion layer may be an irregular or rough surface. This 
construction can relatively easily realize the light diffu- 
sion function. 

[0046] Alternatively, in this embodiment, the light dif- 
fusion layer may contain particles having light diffusivity 
This construction can relatively easily realize the light 
diffusion function. 

[0047] In a display device in accordance with a further 
embodiment of the present invention, the light source 
means comprises a light source and a transmissive light 
guide plate arranged between the second polarized 
light separating means and the variable transmission 
polarization axis means to guide the light from the light 
source to between the second polarized light separating 
means and the variable transmission polarization axis 
means, and to emit the light at least to the variable 
transmission polarization axis means side 
[0048] In this embodiment, the light from the light 
source is guided by the Uquid guide plate to between the 
second polarized light separating means and the varia- 
ble transmission polarization axis means, and emitted 
to at least the variable transmission polarization axis 
means side, and then reflected by the first polarized 
light separating means to be used for display. In this 
case, although it is also possible to make the arrange- 
ment such that the light from the light source is emitted 
to the second polarized light separating means side by 
the transmissive light guide plate, the light emitted to the 
variable transmission polarization axis means side con- 
tributes to the display contrast. The light incident from 
the upper side or lower side of the light guide plate is 
transmitted through the transmissive light guide plate 
and thus does not interfere with the light used for dis- 



play 

[0049] In this embodiment, the light source means 
may further comprise a light guide for guiding the light 
from the light source to the light guide plate. This con- 
5 struction increases freedom of the arrangement position 
of the light source, and further increases design free- 
dom of the display device. 

[0050] In this case, an end of the light guide may be 
located between the second polarized light separating 

w means and the variable transmissjon polarization axis 
means, and the second polarized light separating 
means may be fixed to the light guide. This construction 
permits the light guide to be used also as a member for 
fixing the variable transmission polarization axis means 

15 and is thus advantageous. 

[0051 ] Alternatively, in this case, the variable transmis- 
sion polarization axis means may be fixed by the light 
guide. This construction permits the light guide to be 
used also as a member for fixing the variable transmis- 

20 sion polarization axis means and is thus advantageous. 
[0052] In the embodiment in which the light guide 
plate is provided between the second polarized light 
separating means and the variable transmission polari- 
zation axis means, the light guide plate may comprise a 

25 transmissive flat plate and an irregular portion, which is 
formed on at least the variable transmission polarization 
axis means side of the flat plate and emits the light from 
the light source to the variable transmission polarization 
axis means side. This construction permits light emis- 

30 sion through the uneven portion with relatively high effi- 
ciency. 

[0053] In this case, the uneven portion may contain a 
plurality of projections discretely provided. This con- 
struction permits light emission through the sides of the 

35 plurality of projections with relatively high efficiency. 
[0054] Furthermore, in this case, the projections may 
have a size ol 5 to 300 urn. With a size of 5 fim or more, 
no influence of diffraction occurs, and with a size of 300 
jam or less, the visual interference of the projections can 

40 be eliminated. 

[0055] In the embodiment in which the light guide 
plate is provided between the second polarized light 
separating means and the variable transmission polari- 
zation axis means, the light guide plate may exhibit sub- 

45 stantially optical isotropy. With a light guide plate 
exhibiting optical anisotropy. the display appearance is 
colored, thereby causing color irregularity With the light 
guide plate exhibiting substantially optical isotropy. nei- 
ther coloring of the display appearance nor color irregu- 

50 larity occurs. 

[0056] Alternatively, in the embodiment in which the 
light guide plate is provided between the second polar- 
ized light separating means and the variable transmis- 
sion polarization axis means, the light guide plate may 

55 be optically uniaxial or biaxial. With such an optically 
uniaxial or biaxial light guide plate having optical anisot- 
ropy with regularity, no color irregularity occurs, and 
thus it is possible to widen the viewing angle of the dis- 
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play and improve the contrast 

[0057] In a display device in accordance with a further 
embodiment of the present invention, the light source 
means comprises a light source and a transmissive light 
guide plate arranged between the first polarized light 
separating means and the variable transmission polari- 
zation axis means, for guiding the light from the light 
source to between the first polarized light separating 
means and the variable transmission polarization axis 
means, as well as emitting the light to at least the first 
polarized light separating means side. 
[0058] In this embodiment, the light from the light 
source is guided by the transmissive light guide plate to 
between the first polarized light separating means and 
the variable transmission polarization axis means and 
emitted to at least the first polarized light separating 
means side, and then reflected by the first polarized 
light separating means to be used for display. In this 
case, although the light from the light source may be 
emitted to the variable transmission polarization axis 
means side by the transmissive light guide plate, the 
light emitted to the first polarized light separating means 
side contributes to the display contrast. The light inci- 
dent Irom the upper side or lower side of the light guide 
plate is transmitted through the transmissive light guide 
plate and thus does not interfere with the light used for 
display. 

[0059] In this embodiment, the light source means 
may further comprise a light guide for guiding the light 
from the light source to the light guide plate. This con- 
struction increases freedom of the arrangement position 
of the light source, and further increases design free- 
dom of the display device. 

[0060] In this case, an end of the light guide may be 
located on the second polarized light separating means, 
and the second polarized light separating means may 
be fixed to the light guide. This construction permits the 
light guide to be used also as a member for fixing the 
second polarized light separating means and is thus 
advantageous 

[0061 ] Alternatively, in this case, the variable transmis- 
sion polarization axis means may be fixed by the light 
guide. This construction permits the light guide to be 
used also as a member for fixing the variable transmis- 
sion polarization axis means and is thus advantageous. 
[0062] In the embodiment comprising the light guide 
plate provided between the first polarized light separat- 
ing means and the variable transmission polarization 
axis means, the light guide plate may comprise a trans- 
missive flat plate and an uneven portion lormed on at 
least the first polarized light separating means side of 
the flat plate, for emitting the light from the light source 
to the first polarized light separating means side 
[0063] In this case, the uneven portion may contain a 
plurality of projections discretely provided. 
[0064] Furthermore, in this case, the projections may 
have a size of 5 to 300 nm. 

[0065] In the embodiment comprising the light guide 



plate provided between the first polarized light separat- 
ing means and the variable transmission polarization 
axis means, the light guide plate may exhibit substan- 
tially optical isotropy 

5 [0066] Alternatively, in the embodiment comprising 
the light guide plate provided between the first polarized 
light separating means and the variable transmission 
polarization axis means, the light guide plate may be 
optically uniaxial or biaxial 

to [0067] In the embodiment comprising the light guide 
plate provided between the first polarized light separat- 
ing means and the variable transmission polarization 
axis means, the first polarized light separating means 
may be adhered to the light guide plate with an adhe- 

15 sive. 

[0068] In this case, the adhesive may also constitute 
the transmissive light diffusion layer. This construction 
permits the realization of a thin display device, and a 
decrease in the number of the parts. 

20 [0069] In a display device in accordance with a further 
embodiment of the present invention, the variable trans- 
mission polarization axis means comprises a liquid 
crystal material Namely, the display device is con- 
structed as a liquid crystal display. 

25 [0070] In this case, the liquid crystal may be a TN liq- 
uid crystal, a STN liquid crystal, or a ECB liquid crystal. 
This construction enables a high-quality bright image 
display to be realized relatively easily without positive- 
negative reversal between reflective display and trans- 

30 missive display modes. 

[0071 ] The object of the present invention can also be 
achieved by an electronic apparatus comprising the 
above-described display device of the present inven- 
tion. 

35 [0072] Since the electronic apparatus of the present 
invention comprises the display device of the above 
mentioned present invention, various electronic appara- 
tus capable of displaying high-quality bright images can 
be realized. 

<o [0073] The object of the present invention can also be 
achieved by a display device comprising a variable 
transmission polarization axis optical element; a first 
polarized light separator of a type in which polarized 
light separation is performed by reflection and which is 

45 arranged on the one side of the variable transmission 
polarization axis optical element; a second polarized 
light separator of a type in which polarized light separa- 
tion is performed by reflection or absorption and which 
is arranged on the other side of the variable transmis- 

50 sion polarization axis optical element; and a light source 
for providing light between the first and second polar- 
ized light separators 

[0074] In this display device, the first polarized light 
separator transmits a linearly-polarized light component 
55 which is in a first direction and emitted from the side of 
the variable transmission polarization axis optical ele- 
ment and reflects a linearly-polarized light component 
which is different from the first linearly-polarized light 
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component, thereby separation of polarized light is per- 
formed Therefore, the display device can obtain a 
brighter display by utilizing the reflected linearly-polar- 
ized light component, as compared with a conventional 
display device using a polarizer for separating polarized 5 
light by absorption Furthermore, in this display device, 
since light is incident between the first and second 
polarized light separators from the light source, the light 
is incident from the upper side of the first polarized light 
separator, thereby causing no positive-negative w 
reversal Also, freedom of the arrangement position of 
the light source and design freedom of the display 
device are increased. 

Brief Description of the Drawings '5 
[0075] 

Fig 1 is a schematic sectional view illustrating a liq- 
uid crystal display device and a portable telephone 20 
in accordance with a first embodiment ol the 
present invention; 

Fig 2 is a schematic sectional view illustrating the 
liquid crystal display device and the portable tele- 25 
phone in accordance with a first embodiment of the 
present invention; 

Fig. 3 is a schematic sectional view illustrating a 
polarized light separator (reflective polarizer) used 30 
in the liquid crystal display device in accordance 
with the first embodiment of the present invention; 

Fig. 4 is a schematic sectional view illustrating a 
light gukte plate used in the liquid crystal display 3S 
device in accordance with the first embodiment of 
the present invention; 

Fig. 5 ts a schematic sectional view illustrating the 
tight guide plate used in the liquid crystal display *o 
device in accordance with the first embodiment of 
the present invention; 

Fig. 6 is a schematic sectional view illustrating the 
operation of the liquid crystal display device in 45 
accordance with the first embodiment of the 
present invention; 

Fig, 7 is a schematic sectional view illustrating the 
operation of the liquid crystal display device in so 
accordance with the frst embodiment of the 
present invention; 

Fig. 8 ts a schematic sectional view illustrating a liq- 
uid crystal display device in accordance with a sec- 55 
ond embodiment of the present invention; 

Figs 9(a). (b), (c) and (d) are drawings respectively 



showing the shapes of the surface of the light guide 
plate of the liquid crystal display device in accord- 
ance with the second embodiment of the present 
invention 

Fig 10 is an enlarged sectional view showing a por- 
tion where light is incident on the light guide plate 
from a LED in a modified embodiment of the sec- 
ond embodiment of the present invention; 

Fig 11 is an enlarged sectional view showing a por- 
tion where light is incident on the light guide plate 
from a LED in another modified embodiment of the 
second embodiment of the present invention; 

Fig 12(a) is an enlarged horizontal sectional view 
taken along the level of a LED, showing a portion 
where light is incident on the light guide plate from 
the LED in a modified embodiment of the first 
embodiment of the present invention, and Fig 12 
(b) is a sectional view taken along line A- A' in Fig 
12(a). 

Fig 13 is a schematic plan view illustrating the por- 
tion including a LED and a light guide plate of a liq- 
uid crystal display device in accordance with a third 
embodiment of the present invention; 

Fig. 14 is a schematic sectional view illustrating a 
liquid crystal display device in accordance with a 
fifth embodiment of the present invention; 

Fig. 1 5 is a schematic sectional view illustrating a 
liquid crystal display device in accordance with a 
sixth embodiment of the present invention; 

Fig 16 is a schematic sectional view illustrating a 
liquid crystal display device in accordance with a 
seventh embodiment of the present invention; 

Fig 17 is a schematic sectional view illustrating a 
liquid crystal display device in accordance with an 
eighth embodiment of the present invention, 

Fig. 18(a). (b) and (c) are sectional views respec- 
tively showing examples of a light diffusion layer 
provided in the liquid crystal display device in 
accordance with the eighth embodiment of the 
present invention; 

Fig 19 (a), (b) and (c) are sectional views respec- 
tively showing examples of projections formed on 
the light diffusion layer provided in the liquid crystal 
display device in accordance with the eighth 
embodiment of the present invention; 

Fig 20 is a schematic sectional view illustrating a 
modified embodiment of the eighth embodiment of 
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the present invention; 

Fig. 21 is a schematic sectional view illustrating 
another modrfied embodiment of the eighth embod- 
iment of the present invention; 5 

Fig. 22 is a schematic sectional view illustrating still 
another modified embodiment of the eighth embod- 
iment of the present invention; 

10 

Fig. 23 is a schematic sectional view illustrating a 
further modified embodiment of the eighth embodi- 
ment of the present invention; 

Fig. 24 is a schematic sectional view illustrating a is 
still further modrfied embodiment of the eighth 
embodiment of the present invention; 

Fig 25 is a schematic sectional view illustrating a 
further modrfied embodiment of the eighth embodi- 20 
ment of the present invention; 

Fig. 26 is a schematic sectional view illustrating a 
further modified embodiment of the eighth embodi- 
ment of the present invention; 25 

Fig. 27 is a schematic sectional view illustrating a 
light introduction portion of a liquid crystal display 
device in accordance with a ninth embodiment of 
the present invention; 30 

Fig. 28 is a schematic sectional view illustrating a 
light introduction portion of a liquid crystal display 
device in accordance with a tenth embodiment of 
the present invention; 35 

Fig. 29 is a schematic sectional view illustrating a 
light introduction portion of a liquid crystal display 
device in accordance with an eleventh embodiment 
of the present invention; 40 

Figs 30(a), (b) and (c) are perspective view respec- 
tively showing examples of electronic apparatus of 
the present invention; 

45 

Fig. 31 is a sectional view of a transflective display 
device using a conventional polarizer; and 

Fig. 32 is a sectional view of a transflective display 
device using a reflective polarizer invented by the so 
inventors of this application 

Best Mode for Carrying Out the Invention 

[0076] The best mode for carrying out the present 55 
invention is described for each embodiment with 
respect to the drawings 
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(First embodiment) 

[0077] Fig. 1 is a schematic sectional view illustrating 
a liquid crystal display device and a portable telephone 
in accordance with a first embodiment of the present 
invention, and Fig. 2 is a schematic sectional view illus- 
trating the liquid crystal display device and the portable 
telephone in accordance with the first embodiment of 
the present invention. 

[0078] As shown in Fig. 1, a portable telephone 2 of 
this embodiment comprises a liquid crystal device 1 
provided in a portable telephone body case 4 compris- 
ing a transparent cover 3 so that the display on the liquid 
crystal display device 1 can be observed from the out- 
side through the transparent cover 3. 
[0079] As shown in Fig. 2, in the liquid crystal display 
device 1 of this embodiment, a liquid crystal cell 10 hav- 
ing a STN liquid crystal or the like is used as an example 
ol a variable transmission polarization axis optical ele- 
ment. A retardation film 30 is provided at the upper side 
of the liquid crystal cell 10. Under the liquid crystal cell 
10, a diffuser 40. a lower polarized light separator 50 as 
first polarized light separating means, a color filter 60, a 
PET (polyethylene terephthalate) film 70. and an Al (alu- 
minum) deposited film 80 formed on surface of the PET 
film 70 are provided in this order 
[0080] In the liquid crystal cell 10, a STN liquid crystal 
or the like is sealed in a cell comprising two glass sub- 
strates 1 1 and 12 and a sealing member 13. 
[0081 ] A PCB substrate 90 is mounted on the portable 
telephone body case 4 On the PCB substrate 90, a 
structure comprising the Al deposited film 80. the PET 
film 70, the color fitter 60. the lower polarized light sep- 
arator 50, the diffuser 40, the liquid crystal cell 10 and 
the retardation film 30 is provided. On the PCB sub- 
strate 90, a respective LED 120 is provided for emitting 
light upward, on both sides of the above mentioned 
structure. 

[0082] On both sides of the above mentioned struc- 
ture, a light guide 110 is provided. The light guides 110 
are used for laterally positioning the liquid crystal cell 
10, and fixing the structure comprising the liquid crystal 
cell 10, etc. The lower ends of the light guides 110 are 
designed so that the light from the LEDs 120 is intro- 
duced thereto The light guides 1 10 extend upward, and 
the upper ends thereof above the retardation film 30 are 
bent inwardly. The lower side of the upper end of each 
of the light guides 1 10 is fixed to the retardation film 30 
with a double side tape 112. On the upper sides of the 
upper ends of the light guides 110, an upper polarized 
light separator 20 as second polarized light separating 
means is provided, and the upper side of the upper end 
of each of the light guides 110 is fixed to the upper 
polarized light separator 20 by a double side tape 111 
[0083] On the retardation film 30, a light guide plate 
130 is provided between both light guides 10. Each of 
the light guides 110 comprises an optically isotropic 
acrylic resin. The light from the LEDs 120 is guided to 
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between the upper polarized light separator 20 and the 
retardation film 30 by the light guides 110. then intro- 
duced into the light guide plate 1 30 from the upper ends 
of the light guides no. and emitted toward the retarda- 
tion film 30 side On the other hand, the light guide plate 
130 transmits light from the upper polarized light sepa- 
rator 20 toward the retardation film 30 side, and trans- 
mits light from the retardation film 30 toward the upper 
polarized light separator 20 side 

[0084] Description will be made, as an example, of the 
upper polarized light separator 20 and the lower polar- 
ized light separator 50 used in the liquid crystal display 
device 1 of this embodiment with reference to Fig 3. 
[0085] The lower polarized light separator 50 com- 
prises a structure in which two different layers 51 (A 
layer) and 52 (B layer) are alternately laminated in a plu- 
rality of layers In the A layer 51 , the refractive index 
(nAX) in the X direction is different from the refractive 
index (nAY) in the Y direction While, in the B layer 52. 
the refractive index (nBX) in the X direction is the same 
as the refractive index (nBY) in the Y direction. Also the 
refractive index (nAY) of the A layers 51 in the Y direc- 
tion is the same as the refractive index (nBY) of the B 
layers 51 in the Y direction 

[0086] Therefore, out of the light incident on the lower 
polarized light separator 50 from a direction perpendic- 
ular to the upper side 55 thereof, linearly-polarized light 
in the Y direction is transmitted through the lower polar- 
ized light separator 50. and emitted as linearly-polarized 
light in the Y direction from the lower side 56 thereof. 
Conversely, out of the light incident on the lower polar- 
ized light separator 50 from a direction perpendicular to 
the lower side 55 thereof, linearly-polarized light in the Y 
direction is transmitted through the lower polarized light 
separator 50. and emitted 1rom the upper side 55 as lin- 
early-polarized light in the Y direction. 
[0087] On the other hand, if the thickness of the A lay- 
ers 51 in the Z direction is tA. the thickness ol the B lay- 
ers 52 in the Z direction is tB. and the wavelength of 
incident light is k, the following equation is established. 

tA-nAX + tB-nBX = a/2 (1) 

In this case, out of the light having wavelength X and 
incident on the lower polarized light separator 50 from a 
direction perpendicular to the upper side 55 thereof, lin- 
early polarized light m the X direction is reflected as lin- 
early-polarized light in the X direction by the lower 
polarized light separator 50 While, out of the light hav- 
ing wavelength a and incident on the lower polarized 
light separator 50 from a direction perpendicular to the 
lower side 56 thereof, linearly-polarized light in the X 
direction is reflected as linearly-polarized light in the X 
direction by the lower polarized light separator 50 
[0088] The thickness tA of the A layers 51 in the Z 
direction and the thickness tB of the B layers 52 in the Z 
direction are changed to various values so that the 
equation (1) is established over the entire wavelength 



range of visible light. Thereby, it is possible to obtain a 
polarized light separator in which not only for monochro- 
matic light but also over the entire region of white light, 
linearly-polarized light in the X direction is reflected as 

5 linearly-polarized light in the X direction, and linearly- 
polarized light in the Y direction is transmitted as line- 
arly-polarized light m the Y direction 
[0089] Although the above description relates to the 
lower polarized light separator 50 as an example, the 

to upper polarized light separator 20 has the same struc- 
ture. 

[0090] As an example of material used for the A layers 
51, polyethylene naphthalate (PEN) having birefrin- 
gence and stretched five times can be used, and an 
is example of material used for the B layers 52 is copoly- 
ester of naphthalene dicarboxylic acid and terephthalic 
or isothalic acid (coPEN). In this case, the refractive 
index (nAX) of the A layers 51 in the X direction is 1.88, 
the refractive index (nAY) of the same in Y direction is 
20 1.64, and both the refractive index (nBX) of the B layers 
52 in the X direction and the refractive index (nBY) 
thereof in the Y direction are 1 .64. 
[0091 ] Such a polarized light separator is disclosed as 
a reflective polarizer in the Published Japanese Transla- 
25 tions of PCT International Publication for Patent applica- 
tions No. 9-506985 (International Publication No 
WO/95/17692) and International Publication No. 
WO/95/27819. In this embodiment, the reflective polar- 
izer disclosed in these publications can be used 
30 [0092] Description will now be made of the light guide 
plate 130 used in the liquid crystal display device 1 of 
this embodiment with reference to Figs. 4 and 5. Fig. 4 
is a schematic sectional view, and Fig. 5 is a schematic 
perspective view. 
35 [0093] The light guide plate 1 30 comprises projections 
132 provided on one side (emission surface) 134 of a 
transparent flat plate 131 . Each of the projections 132 is 
cylindrical, and comprises a surface (the bottom 135) 
substantially parallel to the emission surface 134, and a 
40 substantially vertical surface (the side 136) The light 
guide 130 is made of a transparent material having a 
refractive index of about 1.4 or more. As shown by light 
rays 122 and 123, the light flux from the LED 121 is inci- 
dent from the end surface 137, then repeatedly totally 
45 reflected in the light guide plate 130 and emitted only 
from the sides 136 of the projections 132. thereby effec- 
tively illuminating an object 150 to be illuminated 
[0094] In this way. the light guide plate 130 effectively 
emits the light, which is incident on the end surface 137 
so thereof, from the emission surface 134. On the other 
hand, the light guide plate 130 transmits light from the 
surface 133 thereof to the surface 134. and transmits 
light from the surface 134 to the surface 133 thereof 
[0095] Examples of transparent materials preferably 
55 used for forming the light guide plate 130 include trans- 
parent resms such as acrylic resins, polycarbonate res- 
ins, non-crystal polyolefin resins, and the like, inorganic 
transparent materials such as glass and the like; and 
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composite materials thereof. In this embodiment, an 
optically isotropic acrylic resin is used. The thickness is 

0. 3 to 2 mm. Since the wavelength of visible light is 
about 380 nm to 700 nm, the projections must have a 
size 5 or more in order to prevent the occurrence of 
influences of diffraction. In order that the projections 
132 have a size causing no visual interference, the size 
is preferably about 300 jim or less In consideration of 
the convenience of production, the size of the projec- 
tions 132 is preferably about 10 nm to 100 nm The ratio 
of the height to the width (in the case of a substantial 
cylinder, the diameter) of the projections 132 may be 1 : 
1 because the angle of incidence of light in the planer 
direction in the light guide plate 130 is 45 degrees or 
less. Since actually the ratio of the light rays at 20 
degrees or less is 90% or more, sufficient performance 
is exhibited at a height to width ratio up to 1 : 2. In this 
embodiment, the projections 132 have a diameter of 20 
^m, a height of 15 nm and a pitch of 20 n m 

[0096] The retardation film 30 is used as an optically 
anisotropic material for color compensation, for com- 
pensating for the color generated in the liquid crystal 14 
such as a STN liquid crystal or the like. 
[0097] The Al deposited film 80 provided on the back 
of the PET lilm 70 functions as reflection means, bright- 
ening the color display utilizing the color filter 60. 
[0098] The operation of the liquid crystal display 
device 1 of the present invention is described with refer- 
ence to Figs. 6 and 7. 

[0099] Although this embodiment uses a STN liquid 
crystal or the like as the liquid crystal 14, description is 
made of a case as an example in which a TN liquid crys- 
tal is used as the liquid crystal 1 4 for the sake of simplic- 
ity. 

[0100] Fig. 6 shows the case of transmissive display, 

1. e., the case in which light from the LED 120 (refer to 
Fig. 2) is incident on the light guide plate 1 30 through the 
light guide 110. It is assumed that the left side is a volt- 
age applied portion 210. and the right side is a voltage 
unapplied portion 220. 

[0101] Considering the light emitted from the light 
guides 110 and reaching the upper polarized light sepa- 
rator 20, the linearly-polarized component light parallel 
to the drawing is transmitted as linearly-polarized com- 
ponent light parallel to the drawing through the upper 
polarized light separator 20 to the observation side. On 
the other hand, the linearly-polarized component light in 
the direction perpendicular to the drawing is reflected as 
linearly-polarized component light in the direction per- 
pendicular to the drawing by the upper polarized light 
separator 20. and travels to the inside of the liquid crys- 
tal display element Since there are various interfaces 
having discontinuous refractive indexes in the liquid 
crystal display element, the linearly-polarized light in the 
direction perpendicular to the drawing is reflected by the 
interfaces having discontinuous refractive indexes 
Then the light is repeatedly reflected in the liquid crystal 
display element, and emitted to the observation side 



through the upper polarized light separator 20. There- 
fore, a brighter display can be obtained when the light 
from the light guide 1 10 is used for display compared 
with the case in which a polarizer is used as the upper 

5 polarized light separator. Of course, even when a polar- 
izer is used as the upper polarized light separator 20, 
the reflective polarizer is used as the lower polarized 
light separator 50, thereby obtaining a brighter display 
than a conventional display. 

w [0102] Description will now be made of the display 
resulting when the light emitted from the light guides 
1 1 0 is transmitted through the TN liquid crystal 1 4 or the 
like. 

[0103] In the voltage unapplied portion 220 on the 

15 right side, natural light 221 from the light guide 110 is 
transmitted through the TN liquid crystal 14 and the dif- 
fusion layer 40. Out of the natural light transmitted 
through the TN liquid crystal 14 and the diffusion layer 
40, linearly-polarized light in the direction perpendicular 

20 to the drawing is reflected as linearly-polarized light in 
the direction perpendicular to the drawing by the lower 
polarized light separator 50. and then the polarization 
direction is twisted 90° by the TN liquid crystal 14 to pro- 
duce linearly-polarized light parallel to the drawing. The 

25 linearly-polarized light parallel to the drawing emitted 
from the TN liquid crystal 14 is transmitted through the 
light guide plate 130. and transmitted as linearly-polar- 
ized light parallel to the drawing through the upper 
polarized light separator 20 to produce outgoing light 

30 222 traveling to the observation side. 

[01 04] Out of the light transmitted through the TN liq- 
uid crystal 14 and the diffusion layer 40, lineariy-poiar- 
ized light parallel to the drawing is transmitted as 
linearly-polarized light parallel to the drawing through 

35 the lower polarized light separator 50. Part of the line- 
arly-polarized light parallel to the drawing transmitted 
through the lower polarized light separator 50 is 
reflected by the color filter 60, then transmitted as line- 
arly-polarized light parallel to the drawing through the 

40 lower polarized light separator 50, and then transmitted 
through the diffusion layer 40, and then the polarization 
direction is twisted 90° by the TN liquid crystal 14 to pro- 
duce linearly-polarized light in the direction perpendicu- 
lar to the drawing. The linearly-polarized light in the 

45 direction perpendicular to the drawing which leaves the 
TN liquid crystal 14 is transmitted through the light 
guide plate 130. and reflected as linearly-polarized 
component light in the direction perpendicular to the 
drawing by the upper polarized light separator 20 to pro- 

so duce reflected light 223 traveling toward the inside of 
the liquid crystal display element. Another part of the 
light linearly-polarized light parallel to the drawing trans- 
mitted through the lower polarized light separator 50 is 
transmitted through the color filter 60 while being 

55 absorbed thereby, reflected by the Al deposited film 80 
provided on the back of the PET film 70, and again 
transmitted through the color filter 60 while being 
absorbed thereby, then transmitted as linearly-polarized 
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light parallel to the drawing through the lower polarized 
light separator 50. and transmitted through the diffusion 
layer 40. and then the polarization direction is twisted 
90° by the TN liquid crystal 14 to produce linearly-polar- 
ized light in the direction perpendicular to the drawing 5 
The linearly-polarized light in the direction perpendicu- 
lar to the drawing which leaves the TN liquid crystal 14 
is transmitted through the light guide plate 130. and 
reflected as linearly-polarized component light in the 
direction perpendicular to the drawing by the upper w 
polarized light separator 20 to produce reflected light 
223 traveling toward the inside of the liquid crystal dis- 
play element. 

[0105] In this way. when no voltage is applied, the light 
from the light guide 1 10 is reflected by the lower polar- is 
ized light separator 50. and emitted as the outgoing light 
222 to obtain a bright display Since the diffusion layer 
40 is provided between the lower polarized light separa- 
tor 50 and the TN liquid crystal 14, the light reflected 
from the lower polarized light separator 50 is changed 20 
from a mirror state to a white state. 
[0106] In the voltage applied portion 210 on the left 
side, light 211 from the light guide 110 is transmitted 
through the TN liquid crystal 14 and the diffusion layer 
40 Out of the natural light transmitted through the TN 25 
liquid crystal 14 and the diffusion layer 40. linearly- 
polarized light in the direction perpendicular to the draw- 
ing is reflected as linearly-polarized light in the direction 
perpendicular to the drawing by the lower polarized light 
separator 50, and transmitted through the TN liquid 30 
crystal 14 without a change in the polarization direction. 
The linearly-polarized light in the direction perpendicu- 
lar to the drawing transmitted through the TN liquid crys- 
tal 14 is transmitted through the light guide plate 130. 
and reflected as linearly -polarized light in the direction 35 
perpendicular to the drawing by the upper polarized 
light separator 20 to produce reflected light 213 
traveling toward the inside of the liquid crystal display 
element. 

[0107] Out of the light transmitted through the TN liq- 40 
uid crystal 14 and the diffusion layer 40. linearly-polar- 
ized light parallel to the drawing is transmitted as 
linearly -polar ized light parallel to the drawing through 
the lower polarized light separator 50. Part of the line- 
arly-polarized light parallel to the drawing transmitted 45 
through the lower polarized light separator 50 is 
reflected by the color filter 60. then transmitted through 
as linearly-polarized light parallel to the drawing through 
the lower polarized light separator 50. and then trans- 
mitted through the diffusion layer 40, and then transmit- so 
ted through the TN liquid crystal 14 without a change in 
the polarization direction The linearly-polarized light 
parallel to the drawing transmitted through the TN liquid 
crystal 14 is transmitted through the light guide plate 
130. and transmitted as linearly-polarized light parallel 55 
to the drawing through the upper polarized light separa- 
tor 20 to produce outgoing light 212 traveling toward the 
observation side. Another part of the linearly-polarized 



light parallel to the drawing transmitted through the 
lower polarized light separator 50 is transmitted through 
the color filter 60 while being absorbed thereby, 
reflected by the Al deposited film 80 provided on the 
back of the PET film 70, and then agajn transmitted 
through the color filter 60 while being absorbed thereby, 
then transmitted as linearly-polarized light parallel to the 
drawing through the lower polarized light separator 50. 
transmitted through the diffusion layer 40, and then 
transmitted through the TN liquid crystal 14 without a 
change in the polarization direction. The linearly-polar- 
ized light parallel to the drawing transmitted through the 
TN liquid crystal 14 is transmitted through the light 
guide plate 130, and transmitted as linearly-polarized 
light parallel to the drawing through the upper polarized 
light separator 20 to produce outgoing light 212 
traveling to the observation side 

[0108] Description will now be made of the case of 
reflective display, i.e., a case in which external light is 
incident on the liquid crystal display device 1. with refer- 
ence to Fig. 7. 

[0109] In the voltage unapplied portion 220 on the 
right side when natural light 225 as external light is inci- 
dent on the liquid crystal display device 1 , the natural 
light 225 is changed to linearly-polarize light parallel to 
the drawing by the upper polarized light separator 20. 
and then transmitted as linearly-polarized light parallel 
to the drawing through the light guide 130. and then the 
polarization direction is twisted 90° by the TN liquid 
crystal 14 to produce linearly-polarized light in the direc- 
tion perpendicular to the drawing, which is transmitted 
through the diffusion layer 40. The linearly-polarized 
light in the direction perpendicular to the drawing trans- 
mitted through the diffusion layer 40 is reflected as line- 
arly-polarized light perpendicular to the drawing by the 
lower polarized light separator 50, and then the polari- 
zation direction is twisted 90° by the TN liquid crystal 14 
to produce linearly-polarized light parallel to the draw- 
ing The linearly-polarized light parallel to the drawing, 
which leaves the TN liquid crystal 14, is transmitted 
through the light guide plate 130. and transmitted as lin- 
early-polarized light parallel to the drawing through the 
upper polarized light separator 20 to produce outgoing 
light 226 traveling toward the observation side. 
[0110] In this way. during the time with no voltage 
applied, the natural light 225 as external light is 
reflected by the lower polarized light separator 50. and 
emitted as the outgoing light 226. thereby obtaining a 
bright display Since the diffusion layer 40 is provided 
between the lower polarized light separator 50 and the 
TN liquid crystal 14. the light reflected from the lower 
polarized light separator 50 is changed from a mirror 
state to a white state 

[0111] In the voltage applied portion 210 on the left 
side, when natural light 215 as external light is incident 
on the liquid crystal display device 1, the natural light 
215 is changed to linearly-polarized light parallel to the 
drawing by the upper polarized light separator 20. and 
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then transmitted through the light guide 130, the TN liq- 
uid crystal 14 and the diffusion layer 40 without a 
change in the polarization direction The linearly-polar- 
ized light parallel to the drawing transmitted through the 
diffusion layer 40 is transmitted as linearly-polarized 
light parallel to the drawing through the lower polarized 
light separator 50 Part oi the linearly-polarized light 
parallel to the drawing transmitted through the lower 
polarized light separator 50 is reflected by the color filter 
60. then transmitted as linearly-polarized light parallel to 
the drawing through the lower polarized light separator 
50. and then transmitted through the diffusion layer 40 
and the TN liquid crystal 14 without a change in the 
polarization direction. The linearly-polarized light paral- 
lel to the drawing transmitted through the TN liquid crys- 
tal is transmitted through the light guide plate 130. and 
then transmitted as linearly-polarized light parallel to the 
drawing through the upper polarized light separator 20 
to produce outgoing light 216 traveling toward the 
observation side. Another part of the linearly-polarized 
light parallel to the drawing transmitted through the 
lower polarized light separator 50 is transmitted through 
the color filter 60 while being absorbed thereby, 
rellected by the Al deposition film 80 provided at the 
rear side of the PET film 70. then transmitted again 
through the color lilter 60 while being absorbed thereby, 
then transmitted as linearly-polarized light parallel to the 
drawing through the lower polarized light separator 50. 
then transmitted through the diffusion layer 40 and then 
transmitted through the TN liquid crystal 14 without a 
change in the polarization direction. The linearly-polar- 
ized iighi paraiiei io the drawing transmitted through the 
TN liquid crystal 14 is transmitted through the light 
guide plate 130, and transmitted as linearly-polarized 
light parallel to the drawing through the upper polarized 
light separator 20 to produce outgoing light 216 
traveling toward the observation side. 
(01 1 2] As described above, in the first embodiment, in 
the voltage unapplied portion 220 on the right side, the 
natural light 221 from the light guide 1 10 is reflected to 
the outside (upward in Fig. 6) of the liquid crystal display 
device by the lower polarized light separator 50. trans- 
mitted through the upper polarized light separator 20 
and emitted as outgoing light 222 from the upper polar- 
ized light separator 20 (refer to Fig 6). The natural light 
225 as external light is reflected to the outside (upward 
in Fig. 7) of the liquid crystal display device by the lower 
polarized light separator 50. transmitted through the 
upper polarized light separator 20 and emitted as outgo- 
ing light 226 from the upper polarized light separator 20 
(refer to Fig 7) In both cases, the natural light is 
changed from a mirror state to a white state by the diffu- 
sion layer 40 and then emitted to the observation side 
from the upper polarized light separator 20. On the 
other hand, in the voltage applied portion 210 on the left 
side, the natural light 211 from the light guide 110 is 
transmitted through the lower polarized light separator 
50. colored by the color filter 60. again transmitted 



through the lower polarized light separator 50. transmit- 
ted through the upper polarized light separator 20 and 
emitted as outgoing light 212 from the upper polarized 
light separator 20 (refer to Fig. 6). The natural light 215 

5 as external light is transmitted through the upper polar- 
ized light separator 20 and the lower polarized light sep- 
arator 50. colored by the color filter 60. again 
transmitted through the lower polarized light separator 
50 and the upper polarized light separator 20. and emit- 

w ted as outgoing light 216 from the upper polarized light 
separator 20 (refer to Fig. 7). In both cases, the natural 
light is colored by the color filter 60 and then emitted to 
the observer side from the upper polarized light separa- 
tor 20. Therefore, the display states obtained in the dis- 

/5 play due to external light in accordance with the on-off 
state of the TN liquid crystal 14 are the same as the dis- 
play due to light from the light guides 1 1 0, thereby caus- 
ing no positive-negative reversal between the display 
due to external light and the display due to light (light 

20 from the LED 120) from the light guide 110. 

[01 13] With no voltage applied, the light 221 from the 
light guide 110 is reflected by the lower polarized light 
separator 50 and emitted as the outgoing light 222 
(refer to Fig. 6). and the natural light 225 as external 

25 light is also reflected by the polarized light separator 50 
and emitted as the outgoing light 226 (refer to Fig. 7). 
thereby obtaining a bright display Since the diffusion 
layer 40 is provided between the lower polarized light 
separator 50 and the TN liquid crystal 14. the light 

30 reflected from the lower polarized light separator 50 is 
changed from a mirror state to a white state. 
[0114] As described above, in the voltage unapplied 
portion 220. the light reflected by the lower polarized 
light separator 50 is scattered by the diffusion layer 40 

35 to produce the white outgoing light 222 (refer to Fig. 6) 
or 226 (refer to Fig. 7), and in the voltage applied portion 
110. the light transmitted through the lower polarized 
light 50 is colored by the color filter 60 to produce the 
color outgoing light 212 (refer to Fig 6) or 216 (refer to 

40 Fig. 7). thereby obtaining a color display on a white 
ground. However, in the use of black as a color of the 
color filter 60. light at all wavelengths in the visible light 
region is absorbed thereby obtaining a black display on 
a white ground. 

45 [01 1 5] Since the Al deposited film 80 is provided as a 
reflector, the color outgoing light 212 or 216 colored by 
the color filter 60 is brightened. 

[0116] The transmission axis of the lower polarized 
light separator 50 may be rotated 90° to reverse the dis- 
50 play state of the voltage applied portion and the same of 
the voltage unapplied portion Namely, negative display 
can be obtained under either external light or with the 
light source turned on 

[01 1 7] In this embodiment, as shown in Fig. 2. the light 
55 guide plate 130 is arranged between the upper polar- 
ized light separator 20 and the retardation film 30. This 
construction has the advantage that clouding and blur- 
ring due to the projections 132 are hardly seen at a low 



14 



BNSOOOP <EP 



OC-13771A1 I > 



27 



EP 0 913 721 A1 



28 



viewing angle, as compared with a display device of a 
type in which the light guide plate 1 30 is arranged on the 
upper polarized light separator 20 
[0118] Although the above description relates to the 
TN liquid crystal as an example for the sake of simplic- 
ity, if a STN liquid crystal, a ECB (Electrically Controlled 
Birefringence) liquid crystal or light which can change 
the transmission polarization axis by means of a voltage 
or the like, is used in place of the TN liquid crystal, the 
basic operation principle is the same. 

(Second embodiment) 

[01 1 9] Fig. 8 is a schematic sectional view illustrating 
a liquid crystal display device in accordance with a sec- 
ond embodiment of the present invention 
[0120] As shown in Fig. 8, in a liquid crystal display 
device 1001 of this embodiment, a liquid crystal cell 
1010 comprising a STN liquid crystal is used as a varia- 
ble transmission polarization axis optical element. On 
the liquid crystal cell 1010. a retardation film 1030 and 
an upper polarizer 1020 as an example of the second 
polarized light separating means are provided in this 
order While, under the liquid crystal cell 1010. a light 
guide plate 1130. a ditfuser-containing adhesive 1040. 
a lower polarized light separator 1050 as an example of 
the first polarized light separating means, and a light 
absorber of black color 1060 are provided in this order. 
The dittuser -containing adhesive 1040 has both the 
light diffusing function and the adhesive function, and 
can be adhered to the light guide plate 130. 
[0121] In the liquid crystal cell 1010. a STN liquid crys- 
tal 1014 is sealed in a cell comprising two glass sub- 
strates 1011 and 1012 and a sealing member 1013. The 
product An x d of the optical anisotropy An of the liquid 
crystal 1014 of the liquid crystal cell 1010 and the thick- 
ness d of the liquid crystal layer thereof is set to 1100 
nm or more. By applying at least three different values 
of effective voltages to the liquid crystal cell 1010, as in 
gray scale driving without a frame, multicolor display of 
at least three colors is possible in accordance with the 
applied effective voltages. The use of a retardation film 
1030 permits compensation for the color generated in 
the liquid crystal 1014 and multicolor display including 
white display. 

[0122] On a PCB substrate 1090. LEDs 1 120 are pro- 
vided so that light is emitted upward therefrom Also 
light guides 1110 are provided on the PCB substrate 
1090 in order to introduce the light from the LEDs 1 120. 
The light guides 1110 are used for laterally positioning 
the liquid crystal celt 1010. and fixing the structure com- 
prising the liquid crystal cell 1010. etc The light gutdes 
1110 extend upward and hold a light guide plate 1130 
therebetween at intermediate positions, for further intro- 
ducing the light introduced from the LEDs 1120 to the 
light guide plate 1 130. Besides, the upper end of each 
of the light guides 1 1 10 is bent inward. The lower side of 
the upper end of each of the light guides 1 1 10 is fixed to 



the upper polarizer 1020 with a double side tape n 12 
Each of the light guides 1110 may comprise a transpar- 
ent plastic plate, or a cavity surrounded by an opaque 
plastic plate having a reflecting function Also the light 
s guides 1110 and the light guide plate 1130 may be 
formed either by combining the both of the parts or by 
integral molding 

[0123] The light from the LEDs 1 120 is guided into the 
light guide plate 1 1 30 by the light guides 1 1 00. The light 

w guide plate 1130 has an irregular or rough surface 
formed on the lower polarized light separator 1050 side 
(lower surface) so that light is transmitted toward the 
lower polarized light separator 1050 side. Therefore, the 
light from the light guides 1110 is emitted toward the 

is lower polarized light separator 1050 side On the other 
hand, the light guide plate 1 130 transmits light from the 
liquid crystal cell 1010 toward the lower polarized light 
separator 1050 side, and transmits light from the lower 
polarized light separator 1050 toward the liquid crystal 

20 cell 1010 side. 

[0124] The lower polarized light separator 1050 has 
the same structure as that shown in Fig. 3. 
[01 25] The light guide 1 1 30 may have the same struc- 
ture as that shown in Figs 4 and 5 Alternatively, the 

25 light guide plate 1130 may have appropriate shapes of 
irregularities such as a substantially semispherical con- 
vex shape as shown in Fig. 9(a). a conical concave 
shape as shown in Fig 9(b). a substantially semispher- 
ical concave shape as shown in Fig. 9(c). a cylindrical 

30 concave shape as shown in Fig. 9(d). or the like. Fur- 
thermore, the density distribution of irregularities of con- 
vex shape and concave shape may be changed in the 
plane so that the surface luminance of the light guide 
plate 1130 is uniform The light guide plate may be 

35 bonded to a plastic or glass substrate or the like whose 
surface has one of the above shapes. In this case, it is 
preferable that the refractive index of a film with the sur- 
face having one of the above shapes is substantially the 
same as the refractive index of the plastic or glass sub- 

40 strate. As mentioned above, the light guide 1130 has 
irregularities formed in the surface thereof and thus 
functions as a light ditfuser. 

[0126] Furthermore, as modified embodiments of the 
second embodiment, a structure without the light guides 

45 1110 can be used, as shown in Figs. 10 and 11 . Figs. 10 
and 1 1 are enlarged sectional views respectively show- 
ing the portions where light is incident on the light guide 
plate from the LED in the modrfied embodiments. 
Namely, as shown in Fig. 10. a structure, in which light 

so Li is incident directly on the light guide plate 1 130 from 
the LEDs 1120 disposed opposite to each other at the 
ends of the lower side of the light guide 1 130. is availa- 
ble In this case, the light guide plate 1 130 and a lower 
glass plate 1012. etc. may be fixed by a frame 1090a 

55 provided on the PCB substrate 1090 in a standing con- 
dition. Alternatively, as shown in Fig. 1 1. a structure, in 
which hght L2 is incident on a light guide plate 1130' 
from LEDs 1 120' disposed opposite to each other at the 
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ends of the light guide plate 1130'. is also available. In 
this case, the LEDs 1120' may be fixed by a frame 
1 090b provided on the PCB substrate in a standing con- 
dition, and the light guide plate 1130'. the lower glass 
plate 1012. etc maybe fixed by a frame 1090c provided 
on the PCB substrate 1090 in a standing condition. 
[01 27] Similarly, as a modified embodiment of the first 
embodiment, a structure without the light guides 110 
can be used, as shown in Fig 12. Fig. 12(a) is an 
enlarged horizontal sectional view taken along the level 
of the LED, showing a portion in which light is incident 
on the light guide plate from the LED in the modrfied 
embodiment, and Fig. 12(b) is a sectional view taken 
along line A-A* of Fig. 12(a). Namely, as shown in Figs. 
12(a) and 12(b), light L3 may be incident directly on a 
light guide plate 130' from LEDs 120' disposed opposite 
to each other at the ends of the light guide plate 130'. In 
this case, the LEDs 120*. the light guide plate 130', etc 
may be fixed by a frame 1090d provided on the PCB 
substrate 1090 in a standing condition. In this modrfied 
embodiment, particularly, in addition to the fact that the 
light guides 110 are not provided, the light guide plate 
130' has concave portions formed for respectively con- 
taining the LEDs 120'. thereby improving the efficiency 
of utilization of light of the LEDs 120'. 
[0128] As described above, in the second embodi- 
ment, the light from the light guide 1 1 10 is applied from 
the upper side of the lower polarized light separator 
1050. and external light is also applied from the upper 
side of the lower polarized light separator 1050. There- 
fore, like the first embodiment, the display slates 
obtained in display due to externai iight in accordance 
with the on-off state of the liquid crystal 1014 are the 
same as the display due to light from the light guides 
1110. As a result, there is no positive-negative reversal 
between display due to external light and display due to 
light (light from the LEDs 1120) from the light guides 
1110. 

[0129] Further, like tn the first embodiment, a bright 
white display is obtained when no voltage is applied, 
and multicolor display with high purity is obtained by 
gray scale driving when the voltage is applied 

(Third embodiment) 

[0130] Fig 13 is a schematic drawing illustrating a 
portion of a liquid crystal display device in accordance 
with a third embodiment of the present invention 
Namely. Fig. 13 6hows the positions of the light guide 
plate 1 130 and the LEDs 1 120 shown in Fig. 8. and the 
transmission axis of the lower polarized light separator 
1050 Reference numeral 1132 denotes projections 
[0131] Particularly, in the third embodiment, in the 
construction of the second embodiment, the transmis- 
sion axis 1051 of the lower polarized light separator 
1050 is arranged in a direction approximately perpen- 
dicular to the direction 1 121 of arrangement of the LEDs 
1120. in the third embodiment, the other construction is 



the same as the second embodiment shown in Fig, 8. 
[0132] This arrangement of the lower polarized light 
separator 1050 brightens the display with the LEDs 
turned on. Namely, the light emitted from the light guide 

5 plate 1 1 30 is polarized during passage in the light guide 
plate 1130. in which the degree of polarization in the 
direction 1121 of arrangement of the LEDs 1120 is 
higher. The light in the direction 1121 of arrangement of 
the LEDs 1120 is reflected to the liquid crystal 1014 by 

w the lower polarized light separator 1150 to improve effi- 
ciency and brighten the display. Therefore, the direction 
of the reflection axis of the lower polarized light separa- 
tor 1050 preferably agrees with the direction 1121 of 
arrangement of the LEDs 1 120. In other words, prefera- 

15 bly, the transmission axis 1051 of the lower polarized 
light separator 1050 is arranged perpendicularly to the 
direction 1121 of arrangement of the LEDs 1120. The 
angle 0 formed by the direction 1 121 of arrangement of 
the LEDs 1 120 and the transmission axis 1051 is pref- 

20 erably set from 60 to 90° . 

(Fourth embodiment) 

[0133] In a fourth embodiment, particularly. Lumistee 
25 produced by Sumitomo Chemical Co.. Ltd. is used as 
the light guide plate 1 130. in the second embodiment. In 
the fourth embodiment, the other construction is the 
same as the second embodiment shown in Fig. 8. 
[0134] Lumistee produced by Sumitomo Chemical 
30 Co.. Ltd. comprises layers having different refractive 
indexes arranged with intervals of about 3 pm. This 
structure causes diffraction of light and thus diffusion of 
light. By adjusting the layer structure, the direction of dif- 
fused light can be controlled, thereby causing the prop- 
35 erty of making the angle of outgoing light different to the 
angle of incidence light. As a result, the light incident 
from the side to the light guide plate 1 1 30 can be emit- 
ted from the surface thereof. 

[0135] Therefore, this embodiment has the same 
<o effect as the second embodiment. 

(Fifth embodiment) 

[01 36] Fig. 1 4 is a schematic sectional view illustrating 
45 a liquid crystal display device in accordance with a fifth 
embodiment. 

[0137] In the fifth embodiment, a light diffuser 1041 ts 
provided on the light guide plate 1130 in place of the 
light diffuser-containing adhesive 1040 provided in the 
so second embodiment. In the fifth embodiment, the other 
construction is the same as the second embodiment 
shown in Fig 2 

[01 38] In the fifth embodiment, in addition to the same 
effect as the second embodiment, the shadow at the 
55 lighting display portion which significantly occurs in the 
second embodiment is thinned by the light diffuser 
1041. This is due to the fad that the diffusion layer is 
provided nearer in position to the liquid crystal layer. 
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(Sixth embodiment) 

[0139] Fig 1 5 is a schematic sectional view illustrating 
a liquid crystal display device in accordance with a sixth 
embodiment of the present invention. 5 
[0140] In the sixth embodiment, red. green and blue 
color filters 101 7 are provided on the transparent elec- 
trode 1015 of the upper glass substrate 101 1 in corre- 
spondence with the transparent electrode lines 1016 of 
the lower glass substrate 1012 provided in the fifth io 
embodiment However, the product An x d of the optical 
anisotropy An of the liquid crystal 1014 of the liquid 
crystal cell 1010 and the thickness d of the liquid crystal 
layer thereof is changed to 860 nm, and the retardation 
film 1030 is used for compensation for colors. The liquid is 
crystal cell 1010 is driven in a no-frame gray scale driv- 
ing manner. In the sixth embodiment, the other con- 
struction is the same as the fifth embodiment shown in 
Fig 14. 

[0141] In this construction, bright full color display can 20 
be obtained under either external light or with the LED 
turned on. 

[0142] Besides, when a plastic thin film having a thick- 
ness of 0 12 mm or less is used in place of the lower 
glass substrate 1012, bright full color display with high 25 
purity can be obtained. 

(Seventh embodiment) 

[0143] Fig. 16 is a schematic sectional view illustrating 30 
a liquid crystal display device in accordance with a sev- 
enth embodiment. 

[0144] In the seventh embodiment, a fluorescent 
material 1065 is used in place of the light absorber of 
black color 1060 used in the fifth embodiment. In the 35 
seventh embodiment, the other construction is the 
same as the fifth embodiment shown in Fig. 14. 
[0145] By using the fluorescent material 1065. the 
voltage applied portion of the liquid crystal is brightened 
under either external light or with the LED turned on, 40 
thereby obtaining a brighter display. 

(Eighth embodiment) 

[0146] Fig. 17 is a schematic sectional view illustrating 45 
a liquid crystal display device in accordance with an 
eighth embodiment of the present invention 
[0147] In Fig 1 7. the liquid crystal display device com- 
prises an upper polarizer 2001. a liquid crystal panel 
2002. a light diffusion layer 2003. a polarized light sepa- so 
rator 2004 and a light absorber 2005. which are lami- 
nated in this order, and a light source 2006 provided on 
the lateral side of the light diffusion layer 2003 A reflec- 
tor 2006a is provided around the light source 2006 
[0148] As the upper polarized light separator 2001, 55 
the same as the upper polarizer 1020 in the second 
embodiment shown in Fig. 8 can be used. The liquid 
crystal panel 2002 comprises a liquid crystal layer 2023 



held between a pair of substrates 2021 and 2022 made 
of glass or the like As the liquid crystal layer 2023, any 
one of various liquid crystals such as a TN liquid crystal, 
a STN liquid crystal, and other conventional known liq- 
uid crystals can be used. 

[0149] Like the light guide plate 1 130 in the second 
embodiment shown in Fig. 8, the light diffusion layer 
2003 has the function to guide light from.the light source 
2006 to between the liquid crystal panel 2002 and the 
polarized light separator 2004, as well as the function to 
diffuse light. 

[01 50] As the light diffusion layer 2003. any material is 
appropriate as long as it can diffuse light, for example, a 
milky plastic plate made of an acrylic resin, a polycar- 
bonate resin or the like, or a transparent or semitrans- 
parent plastic plate can be used. A reduction in the 
thickness of the light diffusion layer 2003 prevents par- 
allax, and conversely, an increase in the thickness of the 
same to some extent causes thinning of the shadows of 
display pixels or the like to make the shadows unnotice- 
able. In order to decrease parallax, the thickness of the 
light diffusion layer is preferably 1.2 mm or less, more 
preferably 0.8 mm or less. Conversely, the measure of 
the thickness which can be increased without making 
shadows noticeable is preferably 2 mm or more On the 
other hand, since the reflective index of the light diffu- 
sion layer 2003 cannot be increased, with a thickness of 
0.2 mm or less, light is not diffused upward or down- 
ward. Therefore, the thickness is preferably 0.2 mm or 
more. In consideration of these points, the thickness of 
the light diffusion layer 2003 may be appropriately set. 
[0151] By subjecting the light diffusion layer 2003 to 
the following processing according to demand, the effi- 
ciency of light emission can be increased. Namely, as 
shown in Fig. 18(a). the surfaces 2003a of the light dif- 
fusion layer 2003. particularly both the upper and lower 
surfaces or either one of the surfaces thereof, is 
roughed (made rough surfaces), as shown in Fig. 18(b). 
the light diffusion layer 2003 is filled with resin beads 
2003b having a refractive index different from that of the 
light diffusion layer 2003, or as shown in Fig. 18(c). 
irregularity is formed in the surface 2003c of the light dif- 
fusion layer 2003. The shape of the irregularity is an 
appropriate shape such as the cylindrical shape or pris- 
matic shape as shown in Fig. 19(a). the conical shape 
shown in Fig. 19(b). the substantially semisphertcal 
shape shown in Fig. 19(c). or the like. In carrying out the 
above processing, each of the surfaces may be formed 
by combination of any of the above processes. 
[01 52] As the light source 2006 arranged on the side 
of the light diffusion layer 2003. for example, a linear 
cathode ray tube or the like can be used, and not only a 
linear light source but also a point light source such as 
an LED may be used. Although, in the drawing, the light 
source is provided on one side of the light diffusion layer 
2003. the light source may be provided on both sides or 
over the entire periphery of the lateral side of the light 
diffusion layer. 
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[0153] Furthermore, as the light absorber 2005, for 
example, a black plastic film or sheet having good light 
absorption can be used, and for the material of them, 
any appropriate material can be used. 
[0154] As described above, in the eighth embodiment, 
the light diffusion layer 2003 also functioning as a light 
guide plate is provided between the liquid crystal panel 

2002 and the polarized light separator 2004 so that light 
is introduced into the light diffusion layer 2003 from the 
light source 2006 provided on the lateral side of the light 
diffusion layer 2003 to cause the light diffusion layer 

2003 to emrt light. Therefore, like in the second embod- 
iment, transmissive display is possible at the time of 
light emission, and reflective display is possible with no- 
emission of light. Also, good display is possible without 
positive-negative reversal in both display modes. 
[0155] As the material for the substrates 2021 and 
2022 of the liquid crystal panel 2002 used in the present 
invention, not only the above -described glass but also a 
plastic sheet or plastic film may be used. The use of 
such material for the substrates has the advantages that 
a thin lightweight liquid crystal panel can be obtained 
and also that the display panel has stronger resistance 
to mechanical breaking force such as vibration or the 
like, and further that curved-surface display is possible. 
[0156] As the polarized light separator 2004 of the 
present invention, besides the above-described reflec- 
tive polarizer (refer to Fig. 3). for example, a combina- 
tion of a cholesteric liquid crystal layer and a (1/4) /. 
plate, a separator for separating light into reflected 
polarized light and transniitted polarized light by using 
the angle of polarization (SID 92 DIGEST, pp. 427-429). 
a separator using a hologram, the separator disclosed 
in International Publication Nos. W095/27819 and 
W095/17692. etc. can also be used. The various polar- 
ized light separators can be used in place of the reflec- 
tive polarizer in each of the above embodiments and 
embodiments which will be described below. 

[0157] The light absorber 2005 is not restricted to a 
black colored one and is capable of changing the color 
of lighting (color of non-lighting) optionally to any 
desired color by changing the wavelength of light 
absorbed by the light absorber 2005. In addition, by 
making the color of the light sources such as red. blue, 
etc.. it is possible to make the impression of the display 
screen different between when the liquid crystal panel is 
seen in a reflection mode and when it is seen using the 
light sources, thereby permitting a display having a 
design with aesthetic impression. Further, when the 
light absorber 2005 is colored in correspondence with 
the electrode pattern in place of the light absorber 2005 
having one color, partially colored display is possible. 

(Modified embodiment of the eighth embodiment) 

[0158] Furthermore, beside above-mentioned modifi- 
cation, the liquid crystal display device of the eighth 
embodiment can be appropriately changed. For exam- 



ple, in order to remove the color generated in the liquid 
crystal panel 2002. a retardation plate or retardation film 
can be provided in the liquid crystal display device 
Modified embodiments of the eighth embodiment will be 

5 described with reference to Figs. 20 to 26 

[0159] Fig. 20 shows an embodiment in which a retar- 
dation plate 2007 is interposed between the upper 
polarizer 2001 and the liquid crystal panel 2002 As the 
retardation plate 2007. various conventional known 

10 materials can be used. The other construction is the 
same as the eighth embodiment. 
[0160] Fig. 21 shows an embodiment in which the 
retardation plate 2007 is interposed between the liquid 
crystal panel 2002 and the light diffusion layer 2003. As 

15 the retardation plate 2007. various conventional known 
materials can be used. The other construction is the 
same as the eighth embodiment. 

[0161] Fig. 22 shows an embodiment in which the 
lower substrate 2022 of the liquid crystal panel 2002 is 

20 also used as a light diffusion layer. The use of the lower 
substrate 2022 as the light diffusion layer eliminates the 
need to separately provide the light diffusion layer, 
thereby thinning the liquid crystal display device. This 
also permits a decrease in parallax. 

25 [0162] Fig. 23 shows an embodiment in which a light 
diffusion layer 2031 is provided between the liquid crys- 
tal panel 2002 and the polarized light separator 2004. a 
light diffusion layer 2032 is provided between the polar- 
ized light separator 2004 and the light absorber 2005. 

30 and further, light sources 2061 and 2062 and reflectors 
2061a and 20621a are provided on one lateral side of 
the iighi diffusion layers 2031 and 2032, respectively. In 
this construction, in the transmissive display mode in 
which the upper light source 2061 is turned on. no pos- 

35 Hive-negative reversal occurs, and consequently, the 
same display as the reflective display can be obtained, 
while in the transmissive display mode in which the 
lower light source 1062 is turned on, positive-negative 
reversal occurs, and consequently, display is reversed 

40 from the reflective display. Namely, the black-white dis- 
play modes can be reversed by selectively switching the 
light sources 2061 and 2062, thereby eliminating con- 
ventional processing for reversing signal data or rotating 
the axis of a polarizer 90° in order to reverse the display 

45 mode It is also possible to realize a display having a 
design with aesthetic impression by changing the colors 
of the light emitted from the light sources 2061 and 
2062. 

[0163] Fig. 24 shows an embodiment in which polar- 
50 tzed separators 2004a and 2004b are arranged on the 
upper and lower sides of the light crystal panel 2002 
The upper polarized light separator 20O4a is arranged 
between the polarizer 2001 and the retardation plate 
2007 and the transmission axis of the upper polarized 
55 light separator 2004a agrees with that of the polarizer 
2001. Therefore, with the light source 2006 turned on, 
upward light is reflected downward to increase the 
quantity of light, thereby further brightening the liquid 
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crystal display device 

[0164] Fig 25 shows an embodiment in which a plu- 
rality of liquid crystal panels 2002 each of which has a 
retardation plate 2007 provided on the upper side and a 
polarized light separator 2004 provided on the lower 
side thereof, respectively, are arranged between the 
polarizer 2001 and the light absorber 2005. the light dif- 
fusion layer 2003 is interposed between the upper liquid 
crystal panel 2002 and the polarized light separator 
2004 thereof, and a light source 2006 and a reflector 
2006a are provided on the side of the light drffusion 
layer 2003 By providing the plurality of liquid crystal 
panels, as described above, lor example, multicolor dis- 
play or the like having a plurality of colors is possible. 
[0165] Fig. 26 shows an embodiment in which a color 
filter 2024 is provided between the liquid crystal layer 
2023 and the substrate 2022 in the liquid crystal panel 
2002. The color filter 2024 may be provided between 
the liquid crystal layer 2023 and the substrate 2021. In 
this construction, a bright display can be obtained dur- 
ing reflection mode, and color display without positive- 
negative reversal can be obtained in the dark by turning 
the light source on. 

(Ninth embodiment) 

[01 66] Fig. 27 is a schematic sectional view illustrating 
a liquid crystal display device in accordance with a ninth 
embodiment of the present invention. In the ninth 
embodiment, the construction is characterized in that 
light is introduced into between the upper polarized light 
separator and the lower polarized light separator. The 
other construction is the same as each of the above 
embodiments Therefore, the construction of the light 
introduction portion is described, but description of the 
other construction is omitted. Particularly. Fig. 27 is a 
schematic sectional view of the light introduction por- 
tion. 

[0167] In the ninth embodiment shown in Fig. 27, a 
glass plate 21 08 having a roughed upper surface ts pro- 
vided, through a spacer 2108, opposite to the lower side 
of the liquid crystal panel 2002 (refer to Fig. 1 7 and Figs. 
20 to 26) comprising the liquid crystal layer 2023 held 
between a pair of substrates 2021 and 2022. which is 
same as in the eighth embodiment. The light source 
2106 such as an LED or the like is provided at the end 
of the space (air layer) 2110 formed by the spacer 2107 
between the substrate 2022 and the glass plate 2108 so 
that light from the light source 2106 is introduced into 
the space 21 10 On the lower side of the glass substrate 
2107, the light diffusion layer 2003 and lower polarized 
light separator 2004 (refer to Fig 17 and Figs 20 to 26) 
are arranged, which are the same as the member in the 
eighth embodiment 

[0168] In the ninth embodiment, the light introduced 
into the space 2110 from the light source 2106 is inci- 
dent on the glass plate 2108 through the rough upper 
surface thereof, and selectively reflected by the polar- 



ized light separator 2004 through the light diflusion layer 
2003. as shown by arrows L4 in Fig 27. The reflected 
light is transmitted through the glass plate 2108 and the 
space 2110. and incident to the liquid crystal panel 

5 2002 from the lower side thereof. 

[0169] In this embodiment, light can be introduced by 
using the space 2110 formed by the spacer 2107. in 
place of the light guide plate for introducing light to 
between the upper and lower polarized light separators 

io in each of the above embodiments. 

(Tenth embodiment) 

[01 70] Fig. 28 is a schematic sectional view illustrating 
is a light introduction portion of a liquid crystal display 
device in accordance with a tenth embodiment of the 
present invention. 

[0171] As shown in Fig. 28. in the tenth embodiment, 
the lower surface of the lower substrate 2022" of the liq- 

20 uid crystal panel 2002' of the ninth embodiment is also 
roughed, and the other construction is the same as the 
ninth embodiment shown in Fig. 27. 
[0172] In the tenth embodiment, the light introduced 
into the space 2110 from the light source 21 06 is. in the 

25 one hand, incident to the glass plate 2108 through the 
upper rough surface of the glass substrate 2108. and 
selectively reflected by the polarized light separator 
2004 through the light diffusion layer 2003 as shown by 
arrows L5, and on the other hand, incident to the liquid 

30 crystal panel 2002" from the lower side thereof through 
the lower rough surface of the substrate 2022*. 
[0173] In this embodiment, light can be introduced by 
using the space 2110 formed by the spacer 2107 in 
place of the light guide plate for introducing light to 

35 between the upper and lower polarized light separators 
in each of the above embodiments. 

(Eleventh embodiment) 

40 [01 74] Fig. 29 is a schematic sectional view illustrating 
a light introduction portion of a liquid crystal display 
device in accordance with an eleventh embodiment of 
the present invention. 

[0175] As shown in Fig. 29. the eleventh embodiment 
45 is different from the tenth embodiment in the point that a 
film 2111 having a roughed surface is attached to the 
lower side of the substrate 2022 so that at least the 
rough surface faces downward instead of making the 
lower surface in the substrate 2022' to be rough, and 
50 further in the point that a film 2112 having a roughed 
surface is attached to the upper side of a glass plate 
2108' so that at least the rough surface faces upward in 
stead of making the upper surface in the glass plate 
2108 to be rough The other construction is the same as 
55 the tenth embodiment shown in Fig. 28. 

[0176] In the eleventh embodiment, the light intro- 
duced into the space 2110 Irom the light source 2 1 06 is. 
in the one hand, incident to the glass plate 2108' 
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through the film 2112, and selectively reflected by the 
polarized light separator 2004 through the light diffusion 
layer 2003, as shown by arrows L6. and on the other 
hand, incident to the liquid crystal panel 2002 * from the 
lower side thereof through the film 2111. 
[0177] In this embodiment, light can be introduced by 
using the space 2110 formed by the spacer 2107 in 
place of the light guide plate for introducing light to 
between the upper and lower polari2ed light separators 
in each of the above embodiments. 
[0178] In the above ninth to eleventh embodiments, 
the rough surfaces of the glass plate 2108. the sub- 
strate 2022", and the films 2111 and 2112 may be sur- 
faces having various shapes of irregularities, as the light 
guide plates and the light diffusion layers described 
above with reference to Figs. 4, 5, 9, 10. 18 and 19. 
[0179] The above embodiments are examples, and 
various modifications can be made as far as they are 
not out of step with the aim of the present invention. For 
example, each of the embodiments shown in Figs. 22 to 
26 can also be applied to a display device without the 
retardation plate in the same manner. 
[0180] Further, in each of the embodiments, although 
the light diffusion layer having no anisotropy is generally 
used because the use of a diffusion layer having optical 
anisotropy causes coloring, optical anisotropy may be 
intentionally imparted to the light diffusion layer. For 
example, in Fig. 21 . the light diffusion layer 2003 having 
optical anisotropy can also be used in place of the retar- 
dation plate 2007. Also, in Fig. 21, the use of the light 
diffusion layer 2003 having optical anisotropy as the 
retardation pi ate 2007 can increase trie effect of remov- 
ing coloring of the liquid crystal panel. 
[0181] Furthermore, in each of the embodiments, 
although the order or procedure for manufacturing the 
liquid crystal display device is appropriately selected, in 
providing the light source on the lateral side of the light 
diffusion layer, it is preferable to provide the light source 
on the lateral side of the light diffusion layer after attach- 
ing the arrangement of the polarized light separator to 
the plate-shaped light diffusion layer. This is because 
the projections of the light diffusion layers cause difficul- 
ties in attaching the polarized light separator. 
[0182] By applying the liquid crystal display device of 
each of the above embodiments to a display unrt 3001 
of a portable telephone 3000, as shown in Fig. 30(a). for 
example, it is possible to realize an energy save type 
portable telephone with high display quality in which 
reflective display is performed in the light, and transmis- 
sive display is performed in the dark By applying the 
same to the display unit 3101 of a wrist watch 3100. as 
shown in Fig. 30(b). it is possible to realize an energy 
save type wrist watch with high display quality in which 
reflective display is performed in the light, and transmis- 
sive display is performed in the dark Further, by apply- 
ing the same to the display unit 3201 of a personal 
computer 3200. as shown in Fig. 30(c). it is possible to 
realize an energy save type personal computer with 



high display quality in which reflective display is per- 
formed in the light, and transmissive display is per- 
formed in the dark 

[01 83] Besides the electronic apparatus shown in Fig. 

5 30, the liquid crystal display device of each of the 
embodiments can be applied to electronic apparatus 
such as a liquid crystal television, a view finder type or 
monitor direct view type video tape recorder, a car nav- 
igation apparatus, an electronic notebook, an electric 

10 calculator, a word processor, an engineering work sta- 
tion (EWS), a television telephone, a POS terminal, 
apparatus with a touch panel, etc. 
[0184] As described above, in each of the above 
embodiments of the present invention, the first polar- 

15 ized light separating means comprises the reflective 
polarizer so that reflected light is used for display, 
thereby obtaining a brighter display, as compared with a 
conventional display device using a polarizer, a trans- 
flective reflector, or the like. 

20 [0185] Also, in each of the embodiments of the 
present invention, since light is incident between the 
first polarized light separating means and the second 
polarized light separating means, the direction of the 
light incident is from the upper side of the first polarized 

25 light separating means during the both of reflective dis- 
play and transmissive display. Therefore, unlike the dis- 
play device proposed by the inventors in Japanese 
Patent Application No. 8-245346. no positive-negative 
reversal occurs. Also, the use of the light guide and the 

30 light guide plate causes an increase in freedom of the 
arrangement position of the light source, and an 
increase in design freedom of the display device. 

Industrial Applicability 

35 

[0186] The display device of the present invention can 
be used as a display device which uses a liquid crystal 
device as a variable transmission polarization axis 
means and which are easy to see in both the dark and 
40 the light, and can also be used as a display device con- 
taining variable transmission polarization axis means 
other than a liquid crystal device. The electronic appara- 
tus in accordance with the present invention comprises 
the display device of the invention and can be used as 
45 energy saving type electronic apparatus or the like 
which is capable of displaying images with high quality 
in both the dark and the light. 

Claims 

50 

1 . A display device comprising 

variable transmission polarization axis means 
capable of changing the transmission polariza- 
55 tion axis: 

first polarized light separating means arranged 
on one side of the variable transmission polari- 
zation axis means, for transmitting light line- 
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arly-polanzed in a first direction and reflecting 
light linearly-polarized in a predetermined 
direction different from the first direction, 
second polarized light separating means 
arranged on the other side of the variable trans- 5 
mission polarization axis means, for transmit- 
ting light linearly-polarized in a second 
direction and reflecting or absorbing light line- 
arly-polarized in a predetermined direction dif- 
ferent from the second direction; and >0 
light source means for providing light between 
the first and second polarized light separating 
means 

The display device according to Claim 1. wherein 15 
the first polarized light separating means comprises 
a reflective polarizer for transmitting light linearly- 
polarized m the first direction and reflecting light lin- 
early-polarized in a direction perpendicular to the 
first direction 20 

The display device according to Claim 2, wherein 
the reflective polarizer comprises a laminate of a 
first layer having birefringence and a second layer 
having substantially the same refractive index as 25 
any one of the plurality of refractive indexes of the 
first layer, and no birefringence, both of which are 
alternately laminated. 

The display device according to Claim 1, wherein 30 
the second polarized light separating means com- 
prises a reflective polarizer for transmitting light lin- 
early-polarized in the second direction and 
reflecting light iinearly-polarized in a direction per- 
pendicular to the second direction. 35 

The display device according to Claim 4, wherein 
the reflective polarizer comprises a laminate of a 
first layer having birefringence and a second layer 
having substantially the same refractive index as <o 
any one of the plurality of refractive indexes of the 
first layer, and no birefringence, both of which are 
alternately laminated 

The display device according to Claim 1, wherein 45 
the second polarized light separating means com- 
prises a polarizer for transmitting light linearly- 
polarized in the second direction and absorbing 
light hnearly-polarized in a direction perpendicular 
to the second direction 50 

A display device according to Claim 1 . further com- 
prising an optical element arranged on the side 
opposite to the variable transmission polarization 
axis means side with respect to the first polarized ss 
light separating means, so that, out of the light from 
the first polarized light separating means, light in a 
predetermined wavelength region of light from the 



first polarized light separating means is emitted 
toward the first polarized light separating means 

8. The display device according to Claim 7, wherein 
the optical element absorbs the light in a visible 
light region other than the predetermined wave- 
length region of the light from the first polarized light 
separating means, and is capable of partially 
reflecting the light in the predetermined wavelength 
region toward the first polarized light separating 
means, and is also capable of partially transmitting 
the light in the predetermined wavelength region 

9. The display device according to Claim 8. wherein 
the optical element comprises a color filter. 

10. The display device according to Claim 7, further 
comprising reflection means arranged on the side 
opposite to the first polarized light separating 
means side with respect to the optical element so 
that the light at least in the predetermined wave- 
length region can be reflected toward the optical 
element. 

11. The display device according to Claim 1, further 
comprising an optical element arranged on the side 
opposite to the variable transmission polarization 
axis means side with respect to the first polarized 
light separating means so that the light in the visible 
light region out of the light from the first polarized 
light separating means is absorbed. 

12. The display device according to Claim 11, wherein 
the optical element comprises a an light absorber 
which is black in color. 

13. The display device according to Claim 1. further 
comprising a transmissive light diffusion layer pro- 
vided between the first polarized light separating 
means and the variable transmission polarization 
axis means. 

14. The display device according to Claim 13. wherein 
the surface of the light diffusion layer is an irregular 
surface or rough surface 

15. The display device according to Claim 13, wherein 
the light diffusion layer contains particles having 
light diffusivity. 

16. The display device according to Claim 1. wherein 
the light source means comprises a light source 
and a transmissive light guide plate arranged 
between the second polarized light separating 
means and the variable transmission polarization 
axis means, for guiding the light from the light 
source to between the second polarized light sepa- 
rating means and the variable transmission polari- 
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zation axis means, and emitting the light at least to 
the variable transmission polarization axis means 
side 

17. The display device according to Claim 16, wherein 5 
the light source means further comprises a light 
guide for guiding the light from the light source to 
the light guide plate 

18. The display device according to Claim 17, wherein w 
an end of the light guide is located between the sec- 
ond polarized light separating means and the varia- 
ble transmission polarization axis means, and the 
second polarized light separating means is fixed to 
the light guide. is 

19. The display device according to Claim 17, wherein 
the variable transmission polarization axis means is 
fixed by the light guide. 

20 

20. The display device according to Claim 16, wherein 
the light guide plate comprises a transmissive flat 
plate, and an irregular portion, which is formed on 
at least the variable transmission polarization axis 
means side of the flat plate and emits the light from 25 
the light source to the variable transmission polari- 
zation axis means side. 

21. The display device according to Claim 20. wherein 
the irregular portion contains a plurality of projec- 30 
tions discretely provided. 

22. The display device according to Claim 21, wherein 
the projections have a size of 5 to 300 urn. 

35 

23. The display device according to Claim 16, wherein 
the light guide plate exhibits optically substantia! 
isotropy. 

24. The display device according to Claim 16, wherein 40 
the light guide plate exhibits optically monoaxial or 
biaxial properties. 

25. The display device according to Claim 1, wherein 
the light source means comprises a light source 45 
and a transmissive light guide plate arranged 
between the first polarized light separating means 
and the variable transmission polarization axis 
means, for guiding the light from the light source to 
between the first polarized light separating means so 
and the variable transmission polarization axis 
means, and emitting the light at least to the first 
polarized light separating means side 

26. The display device according to Claim 25. wherein 55 
the light source means further comprises a light 
guide for guiding the light from the light source to 
the light guide plate 



27. The display device according to Claim 26, wherein 
an end of the light guide is located on the second 
polarized light separating means, and the second 
polarized light separating means is fixed to the light 
guide. 

28. The display device according to Claim 26, wherein 
the variable transmission polarization axis means is 
fixed by the light guide. 

29. The display device according to Claim 25. wherein 
the light guide plate comprises a transmissive flat 
plate, and an irregular portion formed on at least 
the first polarized light separating means side of the 
flat plate, for emitting the light from the light source 
to the first polarized light separating means side. 

30. The display device according to Claim 29, wherein 
the irregular portion contains a plurality of projec- 
tions discretely provided. 

31. The display device according to Claim 30, wherein 
the projections have a size of 5 to 300 fim. 

32. The display device according to Claim 25, wherein 
the light guide plate exhibits optically substantial 
isotropy. 

33. The display device according to Claim 25, wherein 
the light guide plate exhibits optically monoaxial or 
biaxial properties. 

34. The display device according to Claim 25, wherein 
the first polarized light separating means is adhered 
to the light guide plate by an adhesive. 

35. The display device according to Claim 34, wherein 
the adhesive also functions as a transmissive light 
diffusion layer. 

36. The display device according to Claim 1, wherein 
the variable transmission polarization axis means 
comprises a liquid crystal. 

37. The display device according to Claim 36. wherein 
the liquid crystal is a TN liquid crystal, a STN liquid 
crystal, or a ECB liquid crystal. 

38. An electronic apparatus comprising the display 
device according to Claim 1. 

39. A display device comprising: 

a variable transmission polarization axis optical 
element; 

a first polarized light separator of a type in 
which polarized light separation is performed 
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by reflection, and which is arranged on the one 
side of the variable transmission polarization 
axis optical element. 

a second polarized light separator of a type in s 
which polarized light separation is performed 
by reflection or absorption, and which is 
arranged on the other side of the variable trans- 
mission polarization axis optical element, and 

;, 

a light source for providing light between the 
first and second polarized light separators 
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